Additional bacteriophages were obtained from pooled sewage samples for the genus Leuinea. On the basis of plaque morphology and host specificity, three different phages were isolated and purified by serial single-plaque isolations. Cross-neutralization tests were performed on each of the new phage isolates as well as on three previously reported Leuinea phages using homologous and heterologous antisera. The data indicated no serological relatedness among the six phages and, therefore, three additional serological groups were established. The phages were designated DM-41, DM-51, and DM-61. Electron micrographs revealed that DM-41 and DM-51 possess a contractile tail whereas DM-61 has a short, noncontractile tail. The phages contained double-stranded deoxyribonucleic acid as determined by the acridine orange-fluorescent staining technique. The value of the phages for use in defining Leuinea species and determining relatedness between levineae and the genus Citrobacter is discussed. Young et al. (6) proposed the name Leuinea for a new genus in the family Enterobacteriaceae to include bacteria differing distinctly from the. other genera in the family, particularly Citrobacter and Enterobacter. Two species, Leuinea arnalonatica and Leuinea malonatica, were designated on the ability of malonate utilization. Ewing and Davis (3), on the other hand, have regarded levineae as hydrogen sulfide-negative variants of Citrobacter. On the basis of biochemical reactions, they regarded
L. amalonatica as a biotype of Citrobacter freundii, considered L . rnalonaticu to be C. diuersum (sic) (5), and changed the name to C. diuersus.
We previously reported the isolation of three serologically unrelated bacteriophages for the genus Leuinea ( 4 ) . The isolation of additional Levinea phages was initiated in the hope that they could be used to better define Leuinae strains and to elucidate a relatedness or unrelatedness between the genera Citrobacter and Leu inea.
This paper describes the isolation, characterization, and serological classification of three new Levinea phages (This paper was presented to the Texas Branch of the American Society for Microbiology held in Denton, Texas, in October 1973.) Bacterial strains. The type strains L . amalonatica ATCC 25405 and L . malonutica ATCC 25408 were used. Phages. DM-11, DM-21, and DM-31, which had been previously isolated in this laboratory (4), were used in serological relatedness studies of the Leuinea phages.
Methods. The methods used in the isolation and characterization of these phages were previously described (4) with one exception: the negative stain used in the electron microscopy studies was 2% phosphotungstate (pH 6.8).
Isolation of phages from sewage. On the basis of plaque morphology, three different phages were isolated. Each type was purified by a series of single-plaque isolations.
Plaque morphology . Plaque morphologies for the three phages on their respective indicator lawns are given in Table 1 .
Serological relatedness. Experiments were performed on each of the three new phage isolates as well as on the previously reported Leuinea phages DM-11, DM-21, and DM-31 using homologous and heterologous antisera. Normal rabbit serum and phosphate buffer served as controls. The cross-neutralization data (Fig. 1 ) indicated that none of the six phages were serologically related; thus, the new phage isolates were designated DM-41, DM-51, and DM-61. Phage-hos t specificity. Host infectivity tests were performed. L. arnalonatica was infected by both DM-41 and DM-61 whereas DM-51 and DM-61 were infective for L. malonatica.
One-step growth curves. The latent periods and average burst sizes for the phages are presented in Table 2 .
Nucleic acid type. Using the acridine orange staining technique, all phages displayed a green fluorescence after treatment with disodium hydrogen phosphate. The stained phages were rendered colorless after exposure to deoxyribonuclease but not with ribonuclease. The phages, therefore, contained double-stranded deoxyribonucleic acid (DNA).
Phage morphology. The three phage isolates demonstrated two different morphological types (Fig. 2) . Their dimensions are listed in Table 3 . DM-41 and DM-51 displayed a contractile tail and were classified within morphological group A (2). DM-61 possessed a short, noncontractile tail and belonged to morphological group C.
Although the phages produced clear lysates when the enrichment method was used, the titers could be increased 10-fold by using the confluent lysis method (1).
Cross-neutralization tests indicated no serological relatedness between any of the new phage isolates or the previously reported Leuinea phages; therefore, three additional serological groups-were established. According to the proposal for the designation of new Leuinea phages (4), the new isolates were designated DM-41, DM-51, and DM-61.
Even though DM-41 and DM-51 belong to Bradley's group A (contractile tail), the two phages demonstrated differences in distal tail components. DM-61 was classified into group C due to its short, noncontractile tail. The morphology of the new isolates differed from the previously described Leuinea phages. Consequently, it was not surprising to find that the phages were serologically unrelated. The nucleic acid content of the phages was consistent with the observations that these morphological groups, A and C, possessed double-stranded DNA ( 2 ) .
Phage-host specificity tests indicated that DM-41 was specific for L. arnalonatica and DM-51 was specific for L. rnalonatica. DM-61
showed infectivity for both species. The use of the Levinea phages i n demonstrating relatedness between the genera Leuinea and Citrobacter was apparent and previously discussed (4). Phage-host specificity determina-
